The current study was conducted to examine hematological parameters of large frugivorous bats under the class mammalian. Ninety (90) clinically healthy large frugivorous bats were captured and anesthetized for blood collection from brachial vein. Captured bats were divided into three groups' based on different criteria such as sex, age and body condition score. Red blood cell (RBC) count, hemoglobin (Hb), hematocrits (Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration(MCHC), red cell distribution width (RDWs), white blood cell (WBC) count, platelets (PLT), mean platelet volume (MPV), platelet distribution width (PDW) were determined by automated hematology analyzer and erythrocyte sedimentation rate (ESR) was determined manually. RBC and MCV values were found significantly (p < 0.05) higher in male bats. On the other hand, the RBC count, HCT, Hb, RDWs and PLT were significantly (p < 0.05) higher in adults than in juveniles bats. Among the health state RBC, HCT and PLT values were significantly (p < 0.05) higher in good-health bats. However, some values were varied in different groups, but they were not statistically significant (p >0.05). The values from this study can be used to create reference of hematological profile of bat found in Indian subcontinent, and can make up the first comprehensive hematological study for this highly endangered species.
INTRODUCTION
Bats are the only true flying mammals and have undergone various enigmatic modifications to meet the stress of flight adaptations. The Indian flying fox under the family Pteropodae is the largest fruits bat in Indian subcontinent are commonly found throughout the Indian subcontinent. The species is widespread in all over the country besides human settlement. They play important role in maintaining ecological balance. They are living in close association with humans and feeding on cultivated and wild fruits. They have economic or medical value to humans as well. They are of agricultural importance because of their diverse feeding habits. This is evident from the fact that the fruit bats feeding on different seasonal fruits, date juice and farmers use their guano as fertilizer. Bats feeding on nectar are responsible for fertilization or crossfertilization of flowers and farmers uses their guano as fertilizer. They play crucial role in pollinating, seed dispersal and natural forest regeneration in tropics. Bats may be harmful to humans if they are infected with rabies or any other virus or bacteria that may be transmitted by accidental cases of bat bites. Besides this contributions and diversities, bats have adapted themselves to different ecological niche as well [1, 2, 3] . These adaptations suggest various physiological adjustment including blood composition and chemistry. From the perusal of literature it appears that the blood physiology of bats is as diverse feeding habits e.g. insectivores, vampires, piscivores, frugivores [4] .
The normal hematological values of bats from South Asia are scarce [5] and estimation of blood profiles is non-existent in this native condition. In south Asian perspective, McLaughlin et al., [6] has conducted a limited hematological and serum chemistry study in Haryana, India and hematological parameter of three Microchiropteran species has been conducted by Rotanossoria et al., [5] in Sri Lanka. Plasma biochemistry and hematological analyses of wild-caught animals may be used to assess population health and can serve as indicators of poor nutritional status, diseases, trauma, and environmental changes, such as altered habitat quality. These values have been used to guide management of captive and wild populations. However, for correct interpretation, reference ranges need to be established. Full hematology and serum chemistry panels of wild bats are necessary to complete base-line data; however, the data and analyses presented here may be used as a reference for future health assessments of captive or wild Indian flying foxes. Thus providing a more comprehensive hematological reference for members of one of the most ecologically and evolutionarily successful groups of mammals. Therefore, this study has been conducted to assess the health condition of Indian flying fox by determining the hematological value.
MATERIALS AND METHODS
Study area:Ninety (90) apparently healthy Pteropus giganteus were captured using mist-net at Cox's Bazar district in Bangladesh from a colony of approximately 1000 bats. This colony is situated besides human settlement area and continued throughout the year. Sexes of bats were detected by palpating (physical examination) the secondary sex organ. The age of the bats were classified as either adult or juvenile based on secondary sexual characteristics such as presence of penile barbs in case of males and elongated and white-tipped teats in the case of females. Body condition score (BCS) was classified as either fair or good, based on relative pectoral muscle mass and prominence of sternum. A fair BCS reflected a prominent sternum and minimal muscle mass where as a good BCS reflected minimally prominent sternum and substantial pectoral muscle mass.
Blood samples were collected by using 3ml syringe and 27-gauge needle from brachial vein. After collection, the needle was removed and 2 ml of blood was transferred to a lithium heparin tube and transported to Physiology laboratory, Chittagong Veterinary and Animal Sciences University (CVASU) for further analysis. The samples were processed within 6 hours of collection.
Locally available nail polish was used to mark the bat for avoiding recapture. Bats were monitored until recovery and released near their roosting site within 2-2.5 hours after feeding of mango juice.
Blood analysis:
Red blood cell (RBC) count, hemoglobin (Hb), hematocrits (Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDWs), white blood cell (WBC) count, platelets count (PLT), mean platelet volume (MPV) and platelet distribution width (PDW) were determined by automated hematology analyzer (Abacus junior vet, Diatron, Austria). However, manual techniques were used to determine the Erythrocyte sedimentation rate (ESR) described by Ghai, [7] . The average MCV values of male were 50.9 ± 0.5 which was significantly (p<0.05) higher than the female (49.4 ± 0.5). However, some higher values were observed in Table- 1 between male and female bats but differences were not significant. The mean value of RBC count, Hb, HCT, RDWs, PLT and MPV of adult bats were significantly (p<0.05) higher than the juvenile (Table 2) . On the other hand, the average value of MCV, WBC and PDWs were higher in adult bats and the mean value of MCH, MCHC and ESR were higher in juvenile but in both cases the differences between the age groups were not significant(p>0.05).
The mean value of RBC count, HCT and PLT of good health bats were significantly (p<0.05) higher than the fair health (Table 3) . On the other hand, the average value of Hb, MCHC, RDWs, WBC, MPV and PDWs were higher in good health bats and the mean value of MCV and MCH were higher in fair health but in both cases the differences between the health statuses were not significant. 
DISCUSSION
Generally, hematological values changed with different types stress during the capture and handling of bats and other animals [4] . In present study, stress was minimized by careful handling and restraining of bats. High RBC count, Hb content and PCV values are higher in bats in comparison with other mammals, because bats are unique in their energy requirements and exhibit high weight-specific basal metabolic rate. Bats overcome problems of flight and high weight-specific metabolism by presenting increased blood oxygen transport properties [4] . The average values of RBC count of present research were similar to those values represented in Miniopterus schreibersii (10.1±0.3) and higher than those of Taphozous melanopogon (8.9 ± 0.6), Hipposideros lankadiva (8.9 ± 0.6) [5] and captive Malaysian (Pteropus vampyrus) bats (8.88± 0.59) [8] . On the other hand, sex disparity was detected which is in agreement with the report described by Ratnasooriya et al., [5] . The values of RBC count in adults were significantly higher than the values of juvenile which was not agreement with the findings reported by Heard and Whittier [8] . This might be due to most of the adult bats in this study were found in good health state.
The HCT values of present research were similar to wild and captive Egyptian fruit bats (Rousettus aegyptiacus) (44± 2 to 58 ±4%) [9] and higher than those reported in wild-caught Indian flying foxes (p. giganteus) (37± 6%) [10] and grey-headed flying foxes (P. poliocephalus) (47± 0.7%) [11] . However, Hb concentrations were similar to R. aegyptiacus (14.4±1.4 to 17.4± 2.0 g/dL) [9] but, higher than those reported in P. giganteous (13.4 ±2.2 g/dL) [10] , and lower in P. poliocephalus (17.9± 1.3 g/dL) [11] .The ESR values were correlated with the values of HCT [12] and these were similar to other mammalian species [15] .
MCV values were found lower in comparison with the reference values (72.11 to 91.10 fL) of human being [13] , which may be due to the smaller MCV favours the oxygen diffusion capacity into and out of the erythrocytes, as the smaller erythrocyte size is generally assumed to facilitate rapid diffusion. The values of MCH were higher than the values of cattle (11.17pg) and lower than the values (24.33pg) of human being [13] and this might be due to lower MCV values. The detected MCHC values were similar to that reported in Taphozous melanopogon (29.1g/dL), and lower than Miniopterus schreibersii (33.2g/dL) [5] .
The mean value of RDWs was lower than human being (39-37fL) [14] . Among different groups, the values were significantly (p< 0.05) higher in adult. Variations were also observed in other groups such as sex and health status, but the variations were not significant.
The average values of WBC counts were similar to other mammalian species [15] .The WBC counts of current study were similar to C castanea (6135± 848) but higher than that reported in Carollia sowelli (5,573±1,543) and lower than Trachops cirrhosus (7,339 ±1,503) , at Neotropical bat species [16] . WBC counts were increased with increasing body weight and similar type of finding was reported by Riedesel [4] .
The three important parameters such as PLT, MPV, and PDW were concerning with the platelet. The detected PLT count in the current study was higher than other mammalian species and cattle (542000±175000) [17] . The values of MPV and PDW were within the reference values of human being [13] and the reported values were 8 to 13.15 fL and 8.90 to 16.40 fL respectively. The significant (p< 0.05) variations of PLT were observed between body condition score and age groups and this might be due to increased HCT levels.
In conclusion, this study has provided some basic hematological data for wild caught Indian flying fox (Pteropus giganteus) bats from Bangladesh to supplement existing worldwide baseline data. This is the first recorded blood related parameters of bats in Bangladesh. Further in-depth evaluation of the hematological parameters is recommended.
